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BIODEGRADATION OF JP-5 AVIATION FUEL

BY SUBSURFACE MICROBIAL COMMUNITIES

This document summarizes the progress of my research during my
fellowship, covering the period July 1, 1987 to March 15, 1988.
During this period, my research was direct toward the
characterization of microbes from sail samples collected at NAS
Patuxent River, Maryland. The following manuscript summarizes
this research, and will be presented by Dr. Susan Landon-Arnold
at a conference this spring.
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Characterization of Indigenous Microbial Degraders of
Aviation Fuel Components from a Contaminated Site.

C.M. Swindoll, S. Landon-Arnold, and DI. Flynn.
Environmental Protection, Naval Civil Engineering
Laboratory, Port Hueneme, CA 93043.

,BSTRACT
Leakage of the aviation fuels JP-5, JP-4 anc AVGAS

from storage tanks has resulted in a severe environ-
mental insult to a Naval fuel farm and adjacent areas.
As part of the reclamation effort, the indigenous
microorganisms are being characterized. This informa-
tion will be used to optimize the bioreclamation of
the site. Approximately 60 aerobic microorganisms.
including more than 40 bacteria, 6 actinomycetes and
10 fungi have been isolated from soil contaminated
with aviation fuels and adjacent non4ontaminated
soil. All isolated bacteria were able to grow on JP-5
as their sole carbon source. Most of the bacteria from
the contaminated sites were small, gram-negative rods,
while most bacteria from the non'Oontaminated site
were gram posit.Lve rods. All of these microorganisms
would be expected to contribute to the bioremediation
of the contaminated site.

INTRODUCTION

Aoproximatelv 9Z% of the U.S. freshwater suooly is
contained in subsurface environments (12). Society's
increasing reliance on ground water for domestic.

agricultural and industrial usages has made quality of
ground water one of the primary environmental concerns
of the 1980"s. Contamination of ground water bv
chemicals which may be hazardous to public health has
become an all-too-common problem. Grouna water
supplies are known to contain levels o chemlcal3 that
are susoected to be toxic. teratogenic anc
carcinogenic.
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Historically, due to their widespread and large-
scale uses, petroleum fuels have generally been viewed
as environmentally acceptable. However, in recent
years there has been an increased interest in a more
careful examination of the environmental implications

of petroleum products and uses. Petroleum fuels are
complex mixtures of aliphatic and aromatic hydro-
carbons. The major components of refined petroleum
fuels are parafins, olefins, naphthenes, aromatics and
alcohols (11). Product specifications for aviation
fuels address only gross properties, such as density,
thermal stability, and maximum percent aromatic:
therefore, considerable variability can exist in the
component composition of fuels from different sources.
Specific data on the composition of JP-5, the primary

jet fuel of the U.S. Navy, are not available; however,
the jet fuel used by the U.S. Air Force, JP-4,
contains over 300 different hydrocarbons (5).

Underground storage tanks (USTs), which have been
used for decades for the storage of petroleum fuels
and chemicals, are major sources of subsurface
contamination. Approximately 50,000 USTs are owned by

the Navy, of which a majority are suspected to be
leaking (14). It has been estimated that as many as

100,000 buried gasoline tanks in the United States
were leaking as of 1985 (6), and as many as 350,000
USTs will ieak oy the end of this decade (16.

Contamination of subsurface soils and ground water
with petroleum hydrocarbons can be a complex
phenomenon. The movement of the fuel in subsurface

soil is initially controlled by gravitational forces,
viscosity of the liquid, and permeability of the soil

(8). Subsurface fuel spills can exist in four phases:
(a) free product phase - refined petroleum fuels are
less dense than water; therefore fuel floats on the
water surface: (b) adsorbed phase - components attach
to the soil due to physical and chemical interactions:
(c) dissolved phase - soluble comoonents dissolve into
ground water: and to) vapor pnase - volatile comoo-

nents diffuse as vaoors in tne unsaturated zone. The
actual onase distribution o+ fuel components at any
given location will be deoendent uoon the physico-
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chemical properties of the contaminants, as well as
hydrogeological and geochemical properties of the
site.

The clean-up of subsurface contamination can be
extremely difficult due to the inaccessability of the
sites. Conventional reclamation techniques, such as
incineration, chemical oxication, air-stripping, or
impoundment are expensive, and often are not
completely effective. Due to the large number of
contaminated sites, there exists a need for less
expensive reclamation technologies. Bioreclamation
offers great promise as a cost-effective reclamation
strategy. Although the actual cost of restoration will
be site-specific, biological treatment costs approxi-
mately one order of magnitude less than conventional
restoration technologies (21). In situ bioreclamation
uses indigenous, subsurface microbial communities to
metabolize organic contaminants into C02 and H20. The
feasibility of in situ bioreclamation depends upon
numerous factors including the presence of a microbial
community with the requisite enzymes for contaminant
metabolism, and the availability of essential
nutrients and electron acceptors.

The presence of diverse and abundant subsurface
microbial populations has been established (10, 19).
It has been shown in laboratory studies that
subsurface microbial communities are responsible for
the biodegradation of a wide range of environmentally
important compounds (1,17,18). Heterotrophic
microorganisms can metabolize most petroleum
hydrocarbons to carbon dioxide, water, and other
harmless compounds (13), and in the process the
microorganisms acquire energy and materials for
growth. During aerobic biodegradation, the carbon
source is broken down by a series of enzyme-mediated
reactions in which oxygen serves as an external
electron acceptor. With anaerobic biodegradation
sulfates, nitrates, carbon dioxide and other compounds
containing oxygen can serve as the external electron
acceptor. Aerocic biodegradation of petroleum
hydrocarbons is much more rapid than anaerobic
biodegracation, ana thus is oreferrea for
bioremediation.



The Environmental Protection Division of the Naval
Civil Engineering Laboratory has the task to develop
and execute a project plan to remove fuel contamina-
tion from soil and water at a fuel farm of a Naval
facility. It is believed that the pollution at this
site is derived from the chronic leakage of
undetermined amounts of JP-5, JP-4 and AVGAS from
underground pipelines. In addition, several large
concrete USTs may be contributors to the contamination
problem. Preliminary studies indicate that the area of
contamination covers a surface area of appro::imately
10 acres, to the depth of the saturated zone, which
varies from 7 to 10 m. Because of the large volume of
soil contaminated with fuel, in situ biorestoration
technologies are being investigated as potential cost-
effective remedies.

The research aescribed in this reoort is the first
stage of our investigation, in which microorganisms
indigenous to the contaminated field site were
isolated, and the ability of isolated microorganisms
to metabolize JP-5 and select individual JP-5
components is being examined. Individual components
chosen for this investigation are representatives of
the major chemical groups comprising petroleum fuels:
alkanes, cycloalkanes, alkenes. alkyl oenzenes. and
polynuclear aromatic hydrocarbons.

MATERIALS AND METHODS

Site Description
The contaminated site is composed of 9 - 1- m. well

graded to unsorted fluvial fine sand to gravel.
underlain bv - o. m peat. The umoer stratum lies
directly on Miocene marine grey silt and clay. which
c=nfines the contamination to the upper stratum and
forces the free product to the surface along the blur4
of an adjacent creek. The site is partlv covereo ov
natural vegetation. consistinq 0Z roaooenaron anc
deciduous forest.

Samoie Ca-'eclor ana -moar3aon
2e0. was :ollectec us.nc asect=: 3amclinc tean-

nioues ;rom areas V ihe 'u0i 'arAn 'I=: -. ere
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contaminated with aviation fuel, and from adjacent non-
contaminated areas. Soil samples were taken from
three locations. At Site A, fuel seeps to the surface
along the embankment of a small creek. Site A samples
were taken with a small trenching shovel from a depth
of approximately 0.3 m. The sample consisted of coarse
sand and gravel, and contained a small amount of peat.
Site B samples were taken during the installation of a
monitoring well, from a depth of 5.5 to 6 m. Samples
from Site B were contaminated with fuel, and consisted
of medium- and coarse-grained sand. Site C samples
were collected from a non-contaminated area from a
depth of approximately 0.3 m. Gas chromatographic
analysis confirmed that Site C was free from petroleum
hydrocarbon contaminants (3). Soil samples were
transported on ice to the laboratory in 4 L
polyethylene containers. Samples were processed within
48-72 h of collection. Chemical characterization of
sites A and C are given in Table 1.

Table 1. Chemical characterization of soil samples
from sites A and C (3).

Parameter Site A Site C

pH 5.6 4.7

pnospnorus k.gigi 14.0 6.)

Total Nitrogen C%) 0.2 0.84

Iron (ug/g) 419 429

Cation Exchange Caoacitv 3 10
(me/ 100 g)

Organic Matter (%) 4.6 2.1

Culture and Isolation
Soil (10 g) was placed in a blender with 0.%

sodium pyrophosonate (100 ml: pH 7). and mixed twice
for 30 sec. as described elsewhere (4). A 10-+old
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dilution series was prepared from the soil slurry in
0.1% sodium pyrophosphate. Aliquots of the dilution
series were then pipetted and spread onto plates
containing approximately 20 ml media, and inverted
after 30 min. The composition of the five growth medja
used in this investigation were:

(a) LA - modified Luria Agar: agar (BBL; 20 g/L),
tryptone (0.5 g/L), dextrose (0.25 g/L), NaCI
(0.25 g/L), yeast extract (0.25 g/L), pH 7;

( ) ACT - Actinomycete Isolation Agar (Difco: 22
g/L). glycerol (5 g/L). pH 8;

(c) YMA - Yeast Mannitol Agar: YM Brat- (Difc=: 2.

g/L), granulated agar (BBL: 20 gl), ar 4;

(d) BHA - minimal salts agar. Bushnell-Haas Agar
(Difco; 23 g/L), pH 6.6 : and

(e) BHA & JP-5 - Bushnell-Haas Agar (23 g/L) with
100 ul JP-5/plate.

Each culture treatment was done in triolicate, anc
stored in the dark at room temoerature (20-2: C).
Plates for the isolation of anaerobic microorganisms
were incubated in Gas-Pack jars (BBL) in the darx at
room temperature. All plates were incubated for I
weeK. ano piates witn 30 - 300 coionv--f-ormng-units
(CFU) were counted.

Aerobic microorganisms which grew on the five mecia
were isolated for characteri=ation by culturinc
indivioual colonies on BHA. BHA 4 JPS. and ACT media.
Character:=ation includec Gram stain reaction, cell
and colonv moronology. colony color, and cell si=e
(7).

Reolica Plating
In an attemot to culture arc isolate as ,nan.

potentlal JP-5 degraders as mossize Z m :ne stuc'.
sites. a -eolica platino orocecure .5 was .Asec.

cu*,rs oates wnic" Mao beteeer -., arc well-

"ef.inea. non-Overlacing PU wer :- sen 4s aste-
Olates zor -eolication. Reollcat l.:n was oare 11
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duplicate onto the media LA, ACT, BHA, or BHA & 3P5.
Positive controls contained the same media as the
master plates; negative controls contained the minimal
salts medium (BHA) with no additional carbon source.
Plates were incubated at room temperature for I week.
then CFU were counted.

Comoonent Utilization
The metabolic abilities of the isolated microbes

were e:amined using BHA medium with JP-5 or +uel
components as the only carbon source. Pure cultures of
isolated microorganisms were established on LA medium.
and then reolicated onto BHA medium. Each treatment
was done in triplicate, with both positive (with

glucose as carbon source) and negative (no carctr
source) controls. After inoculation. 100 ul JP-S or
fuel comconent was pipetted onto a Zmm glass fiber
filter (Gelman), which was placed in the lid of the
plate. The plates were then inverted and placed in a
desiccator which contained a beaker with 205 ml of the
fuel comoonent. The plates were incubated at room
temaerature (20-22 C). CFU were counted after a one
week incubation. Fuel components included in this part
of the investigation were: naphthalene. o--Xylene.
benzene, toluene, n-octane. cyclohexane anc
cyclonexene.

The numoer of CFU resulting from inoculation of tne
soil samples onto the different media are given in
Table 2. CFU were greatest in soil A anC C.
(approximately LOE6/g) and anpro:imateiv one croer c-
maonituae less in soil B.

Attemots to culture and enumerate anaerooic mi:r-
organisms were largely unsuccessful, with no more tnan

CFU growing on any of the five media used. F=r manv
of the plates there was no growth curing a =. a,/
incubation. Due to tne dMffi:.&i o- f na1a .
anaerooic conditions for culturinz anaer=Ci= Miro-

organisms. no rur-ner attemcts -ers nace t=
=naracteri9:e t"Iese .ic-mcrcarisms.
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Approximately 60 aerobic microorganisms were
isolated from the five media, including 10 fungi, 6
actinomycetes, and more than 40 bacteria. Of these
bacteria, 12 from the contaminated sites and 13 from
the non-contaminated site were chosen for further
examination. Most of the bacteria from the
contaminated sites were small, gram negative, rods,
while most of the bacteria from the non-contaminated
site were gram positive bacilli. The description of
these aerobic bacteria are given in Table 3.

Table 2. Mean numbers of colony-forming-units per
gram soil, growing on different media, from three
different soil samples.

Soil Sample **

A B C

Media

LA 4.5 x 10E6 6.3 x 10E6 3.6 x 1OE6
YMA 4.0 x 1021 5.7 x IOEI 1.3 x OE5
ACT 1.0 x 10E5 5.7 x lOE6 1.9 x IOE6
BHA 6.2 x 1OE5 7.6 x 10E6 3.4 x 10E6
BHA & JP5 6.7 x I05 6.6 X 1OE6 1 gOE6

S Soil samples: (A) contaminated soil; (B)
contaminated soil, core; (C) non-contaminated soil.

The ability of pure cultures of isolated micro-
organisms to grow with JP-5 or individual JP-5
components as the sole carbon source is shown in Table
4. All microorganisms isolated from Sites A (contam-
inated) and C (non-contaminated) grew on plates
amended with JP-5. On plates amended with n-octane,
67% of Site A and 100% of Site C microbes were able to
grow. Bacteria from Site A were unable to grow on
benzene, toluene or cyclohexene. Only one Site A
organism grew on naphthalene or o-xylene. Eleven of
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the 22 isolated microorganisms grew on the negative
control plates.

Table 3. Cell and colony descriptions of bacteria
isolated from fuel-contaminated (sites A and 8) and
non-contaminated (Site C) soils.

Gram Cell Colony Cell Colony

Bacteria Stain Size Morph Morph Color
(um) C-M-E-T*

A-O1 - 1.6 x .82 6-3-2-3 bacillus T
A-02 + 1.1 x .55 4-1-3-1 bacillus T
A-03 - 2.2 x .82 1-1-3-3 bacillus T
A-04 - 2.2 x .55 4-1-3-1 bacillus T
A-05 - 2.2 x .55 4-L-3-1 bacillus T
A-06 - 1.4 x .55 5-1-1-1 bacillus YB
A-07 - 1.4 x .55 1-1-3-1 bacillus Y.W
B-01 - 2.2 x .74 1-3-2-2 bacillus T

C-01 /- 1.4 x .55 1-1-3-1 bacillus Y

C-02 - 1.7 x .36 1-1-3-1 bacillus Y

C-03 3.3 x 1.1 3-2-5-3 bacillus T
C-04 + 2.8 x .74 4-4-4-2 bacillus W
C-05 t/- 3.9 x .83 3-2-5-2 bacillus W

2." i Z - ,, -2. -I oac-4iius W

C-07 1.1 x .55 1-2-2-1 pleomorph T

C-08 ./- variable 1-1-3-3 unknown T
C-0 9 4 1.1 x .55 1-1-3-3 pleomorph T
C-10 2.8 x 1.1 5-3-2-2 bacillus 6
C-11 4 1.7 x .83 1-3-2-1 bacillus 6
C-12 - 1.4 x .28 3-1-3-1 bacillus T
C-13 * 3.3 x ..,, 1-3-2-2 bacillus T
C-14 + .to - 1.1 1-3-2-2 coccus T
C-I +/- variable 1-2-2-2 unknown C

9 Colony Morphology Codes:
C - configurations, I a round. 2 - r.izoid.

3 - round. raisea margin, 4 - L-+orm.

5 concentric. 6 - irregular. sor.aoing:

M = margins. 1 - smoot. 2 = wavv. 3 lobate.
4 - threadlike:
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E = elevations, 1 = crateriform. 2 - raised,
3 = convex, 4 = hilly, 5 = umbonate;

T = texture, 1 = moist, 2 = dry, 3 = mucoid
* Color Codes: B = brown, C = cream, 6 = grey,

T = tan, W = white, Y = yellow,

Table 4. Ability of bacteria isolates to utilize JP-5
or fuel components ( + utilizer; - non-utilizer).

Carbon Source

A B C D E F 6 H I j
Bacteria**

A-01 + + +
A-02 + . . . . .._+ -
A-03 + . . . . . . + - 4.
A-04 + - - - - - + .

A-05 + - - - - - - 4
A-06 - - - - - + - +

A-07 + + - - - - - +
C-01 4- + + - - + + + + 4-

C-02 + + - - - 4. + + - +
C -03 + +4 +- +- +- +- +- +4

C-04 + . + -

C-05 . . - . - - + 4 +
C-06 + - - - + - 4-

C-07 + + + 4- + + 4. 4- 4

C-O + 4 + - - + 4. + +
C-09 4 4- - 4- + 4- + + 4-

C-10 4 - - 0 4 - 4-

C-11 - - - 4 4 + - 4

C-12 4- 4- + - + + + 4

C- 1 Z 4 .0- + + 4- + + 4.

C-14 .- - - -

C-15 - 4 - - - 4- + 4-

$ Carbon source: (A) n-octane; (B) cyclonexane: (C;
cyclohexene: (D) benzene; (E) tClUene: (F) o-:iylene:
(G) naphthalene; (H) JP-5 'iT negative control:
(J)positive control

1'
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I--MWn)M.I .U, MW

** Bacterial isolates: "A" from site A; "C" from site
C.

DISCUSSION

The numbers of microorganisms from the 3 soils, as
determined by CFU, were approximately 10E5 - 10E6 /g
soil. These numbers are similar to those reported for
other subsurface sites (20). The enumeration of
aerobic microorganisms in this investigation relied on
standard microbial culturing techniques (9). It is
known that only a fraction, perhaps 1-10%, of the
microbes in soil can be cultured and detected on
growth media (2). In addition, the isolation of

anaerobic microorganisms was largely unsuccessful due
to our procedure which did not maintain anaerobic
conditions. Therefore, the numbers of microorganisms
given in Table 2 are probably underestimates of the
abundance of indigenous microbes.

It is apparent from the data in Table 2 that the
numbers of CFU are approximately the same for the
contaminated and non-contaminated soils. YMA proved to
be ineffective as a growth medium (< 10E2 CFU/g) for
the core and the seep samples. This is not unexpected
because it is well known that many microbes are unable
to grow on media in the iacora-or- (Z. YMA selects
for fungi which grow better under acidic conditions.
Since fungi from the non-contaminated soil were able
to grow on YMA while those from fuel-contaminated soil
were not, it is probable that the release of fuel into
the soil has resulted in a community shift which
significantly reduced the numbers of microorganisms
capable of utilizing YMA. As shown in Table i, the pH
at Site C was lower than Site A. It is probable that
the petroleum has altered the pH, thus selected for
non-acidiphilic microorganims.

Organisms isolated from Site A were chosen for
further characterization based on their ability to use
JP-5 as a sole carbon source. The predominance of gram
negative bac-lli from the contaminated site is nct

unexoected since several of these gram negative rods
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have been identified as Pseudomonas spp. and
pseudomonads are capable of utilizing a wide variety
of carbon sources (7). Organisms C-04, C-06 and C-1i

were the only gram positive bacilli able to utilize JP-
5 as a sole carbon source while exhibiting no growth
on the negative control. These organisms are spore
formers, and two have been identified as Bacillus spp.
Studies are continuing to further characterize the
metabolic abilities of the isolated microorganisms.

The replica plating procedure was used in order to

isolate microorganisms which could grow with JP-5 as

their sole carbon source. Growth of the microbes under
these conditions would indicate that the micro-
organisms possess the requisite enzymes for
utilization of the volatile carbon source. Growth on

the positive control plates, which contained nutrients
for optimum growth, was unexpectedly low. In many
cases growth on the positive controls was less than
50%. Negative control plates, which did not contain

any additional carbon source, should not have allowed
growth. However, negative control plates consistently

exibited growth, indicating that the bacteria obtained
carbon from the agar. Growth of different CFU was
lowest on plates amended with JP-5, even though the
component utilization data (Table 4) showed that all
isolates could grow on JP-5. These results indicate
that replica plating may not be a suitable procedure
for microbial isolation, and 1ilustrates the problems
associated with the isolation of indigenous

microorganims.

I
Nine of 1Z bacteria isolated from the non-

contaminated soil (Site C) were able to grow on the
negative control plates. Due to growth on the negative

control plates it is not possible with these data to
determine whether these microoes are able to utilze JP-
5 components as a carbon source. Other experiments are

in progress to provide this information. All bacteria
isolated from contaminated soil were able to utilize
JP-5; 5 used n-octane: 4 used cVclohexane: and onlv 1
used naohthalene. None of these bacteria could use
benzene. toluene, o-::vlene or cvclonexene. These aata

suggest tnat trne contamination of the soil has
resulted in the growth o+ a microbial community wnich
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readily utilizes aliphatic hydrocarbons as a carbon
source, yet are unable to metabolize aromatic
compounds. The growth of this community in the soil
would be expected to reduce the concentration of
straight chain compounds, resulting in the
accumulation of the more toxic aromatic fraction.
It is known that the behavior of a chemical in

combination with other chemicals may be significantly
different from that of a single compound (18). When
dealing with environments contaminated with petroleum

fuels, such as aviation fuels that may contain over
300 compounds (5), making predictions concerning the
fate of a single compound exceedingly difficult.

In summary, microorganisms capable of growing on
fuel hydrocarbons were found in all three soil
examined. Thus, there is a potential for promoting the
in situ biodegradation of these contaminants by
stimulating the growth of the indigenous microflora.
However, the data show that the isolated
microorganisms were not able to utilize all the

petroluem hydrocarbons tested. At the contaminated
site, there could be selective biodegradation of more
easily degraded components or preferred substates,
resulting in an accumulation of the less biodegradable
components in the soil. The fate of the petroleum
hydrocarbons could also be affected by other
processes not examined in this investigation, such as
cometaoolism or mioaegracazion requiring consortia of
microorganisms. Research is continuing in order to
address these processes.
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